As defined by the American Concrete Institute (ACI), alternative supplementary cementitious materials (ASCMs) and local materials are very important in concrete sustainability. As an ASCM, glass powder (GP) shows excellent pozzolanic properties. This paper focuses on characterization and the effect of GP on concrete properties compared to those of Class F fly ash (FFA) and ground granulated blast furnace slag (GGBS). Concrete incorporating 0, 20 and 30% of GP and other concrete mixes containing 30% of FFA or GGBS were cast. The concrete mixes considered in this study have water to binder (w/b) mass ratio ranging from 0.35 to 0.65. The mechanical properties such as compressive strength and durability including chloride ions permeability and chloride ions diffusion are evaluated. The results show that GP develops effects on mechanical properties similar to those of FFA and performs better than GGBS and FFA in terms of permeability reduction. GP reduces dramatically chloride permeability of concrete regardless w/b ratio, favoring an improvement of the concrete durability. Because of the interesting permeability developed by concretes incorporating GP, its use as an ASCM is promising.
Introduction
Mineral additions are commonly used in concrete as useful components. The decrease of the permeability of concrete containing mineral additives is considered as an important aspect of their beneficial effects. Several studies [1] [2] [3] showed that the cement pastes containing mineral additives including FFA, silica fume and rice husk ash reduce significantly the total porosity with more disconnected capillary network compared to that of ordinary Portland cement (OPC) pastes. These changes are qualitatively correlated with the reduction in permeability. The pozzolanic reaction seems able to develop easily discontinuous pores [4] . The incorporation of FFA in concrete can reduce the water need of about 5
to 15% compared to OPC [5] . This reduction in water is often attributed to the spherical shape of FFA particles. Fly ash and slag significantly reduce the alkali aggregate reaction. The use of 40% ground granulated slag in concrete is very effective in reducing the in situ sorptivity of concrete [6] .
In addition to these conventional mineral admixtures, other materials such as glass powder could be used as an alternative cementitious material. The effects of GP are quite similar to those of conventional supplementary cementitious materials (SCMs) on the main properties of concrete. The use of crushed glass as GP in concrete is relatively recent. The high alkali content of the glass makes easier the development of alkali-silica reaction that can generate damaging stresses and cracking in concrete, when glass is used as aggregate. Yet when it is ground into fine powder and used as partial replacement of cement, it develops a pozzolanic reaction which has a positive effect on the main properties of concrete and also helps to reduce the expansion of concrete due to alkali-silica reaction (ASR).
Several studies have reported the reduction of expansion due to ASR in the presence of GP [7] [8] [9] . Samtur [10] achieved the same conclusion which provides that GP with particle size <75 microns could act as a pozzolanic material and reduce the expansion due to ASR. The issue of GP particles size which can develop a pozzolanic activity with positive effect despite the ASR which has a negative effect, has been addressed by several other authors [11] - [16] . They reported that more glass powder particles are finer, more the expansion is reduced.
Recent research has shown that glass powder, obtained from grinding bottles soda-lime glass, develops pozzolanic properties and can be used as SCM [15] [16] [17] [18] [19] . The pozzolanic activity increases with the fineness of GP [15] [16] [20] [21] . When used as a partial replacement of OPC in concrete, glass powder develops performance relatively closed to the one of fly ash. GP significantly reduces the chloride ions permeability in concrete. It is more efficient in concrete with high w/b mass ratio than low w/b. After 56 days of curing, the control concrete having a low w/b of 0.35 has a chloride permeability greater than that of concrete with high w/b of 0.65 and containing glass powder [22] . Shayan et al. have shown that at constant water to binder mass ratio, the addition of 20% of GP (particle size <10 microns) significantly reduces the chloride ion permeability of concrete [7] . This result was confirmed by Schawrz et al. [23] . This paper focuses primarily on the effects of glass powder on the main transport properties of concrete which are responsible for the resistance against the penetration of external agents potentially aggressive. The effects of glass powder on the concrete properties are compared to those of other mineral admixtures such as class FFA and ground granulated blast furnace slag (GGBS).
Materials and Methods

Materials
Coarse aggregates from crushed limestone, and an alluvial sand provided by a local company DJL are used for concrete production. Physical and chemical characteristics of these materials are presented in Table   1 and Table 2 . The average diameter of cement particles is around 14.9 µm while that of GP, FFA and GGBS particles are respectively 10.9, 9.2 and 8.4 µm. and NaOH is the negative terminal and the other one which only contains the NaOH solution is the positive terminal of the circuit arrangement for the test.
Tests
The experimental device to apply this voltage on the sample is turned off after a time of about 72 hours. The sample to test is recovered and then cracked in half and sprayed with a solution of silver nitrate. Chloride containing parts keep the color of concrete and healthy parts are rust colored. From this observed coloration, the depth of chlorides penetration was measured using a ruler. This measured depth allows to calculate with the standard formulas, the apparent diffusion coefficient of chloride ions.
Mix Design
Concrete (Table 3 & Table   4 ). However, a superplasticizer is used in concrete mixes with w/b = 0.35 and 0.40 (Table 5 & Table 6 ) to adjust the slump in the same order of magnitude for concrete mixes with same w/b ratio.
Results
Fresh Concrete Properties
Fresh concrete properties like initial slump and air content are shown in Table   7 . Concretes with a relatively high w/b corresponding to 0.65 or 0.55 provided 
Compressive Strength
Concrete compressive strength presented in Figure 1 shows on the one hand the 
Chloride Ion Permeability
Permeability to chloride is a test commonly used to make a quantitative assessment of the concrete permeability. The basic principle of the test is to determine the total charges crossing the sample after 6 hours, subjected to a voltage difference of 60 V. The charges measured on each concrete is correlated with its permeability. The increase in the charges induces more permeable concrete. 
Chloride Ions Diffusion
Diffusion of chloride ions in concrete presented in Figure 3 shows that the dif- These results are in accordance with the ones observed by Leng et al. [25] who have shown a reduction in the diffusion of chloride ions in concrete incorporating 20% fly ash or 30% slag. In addition, they also reported an increase in diffusion with w/b in the control concrete and in concrete containing mineral additions. Figure 5(a) shows the variation of the chloride permeability of samples after 91 days of age as a function of compressive strength of samples of 56 days. This allows to define a zone of relative durability requirements as recommended by CSA A23.1-14 for classes C1 exposure as defined in this standard. Exposure class C1 includes the reinforced concrete exposed to chlorides and with or without subject to freeze-thaw. This study shows that, as new alternative cementitious material, the glass powder exhibits similar or even better performance than the other SCMs studied. Therefore, the glass powder could be used as cement addition where ordinary SCMs become scarce.
Discussion
Conclusions
This work, based on the study of the effect of glass powder on concrete properties, showed a good behavior of this mineral addition compared to the conventional SCMs. As expected, the increase in w/b ratio lowers the compressive strength of concrete containing GP at early age. However, the development of compressive strength seems to be more prominent with the increase of w/b ratio in the presence of glass powder in the long-term. This behavior reflects a slow and continuous pozzolanic activity of the glass powder in mixtures with enough free water available. In addition, the improvement of concrete durability in the When comparing the effect of GP with the other SCMs, one can observe that GP actions on concrete properties are similar to those of class F fly ash. Slag seems to develop significant effects at an early age in comparison with the other additions, but in the long term (from 91 days) their effects are equivalent.
As glass powder develops quite similar or even better effects than other SCMs studied on concrete properties, it could be properly used as an alternative supplementary cementitious material where conventional SCMs are not available.
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